Flavonoid sulfates are characterized by a flavone skeleton covalently linked to one or more inorganic sulfate groups. They occur commonly in a large number of plant species, 1, 2) and are also found in the metabolites of microorganisms 3) and animals.
and are also found in the metabolites of microorganisms 3) and animals. 4) This kind of compounds occupy an important position in the field of natural products chemistry since they provide a structural link between organic and inorganic components in nature. The pharmacological assay of flavonoid sulfates has revealed an enhancement of antioxidant activity and aldose reductase inhibitory activity as compared with the corresponding parent flavonoids. 5, 6) It is worthy of note that while a wide variety of flavonoid sulfates are known to occur in nature, their crystal structures and stereochemistry have not been described.
Mikanin-3-O-sulfate (1) was first isolated from Brickellia longifolia and reported as its sodium salt based on mass spectrometry. 7) During the course of systematic screening for antiviral agents, the potassium salt of 1 together with mikanin (2) 8) and alpinetin (3) 9) were isolated from Mikania micrantha, a weedy vine of the family Compositae. All three compounds were first isolated from this plant, but their molecular structures have not been reported. Herein, single-crystal X-ray crystallographic studies of 1-3 were undertaken to establish their structural characteristics, which are important for an understanding of their biosynthesis pathway and biological activities.
Results and Discussion
Potassium mikanin-3-O-sulfate, K(1), was obtained from a hot 95% EtOH extract of the dried aerial parts of the plant by filtration after cooling to room temperature, followed by recrystallization from methanol as its 1 : 1 solvate. The presence of elemental S and K was unequivocally established from an energy dispersive X-ray fluorescence spectrum. Single-crystal analysis of K(1) · CH 3 OH revealed a novel stable complex constructed from two fundamental units: the mikanin-3-O-sulfate monoanion 1 and a potassium cation coordinated by methanol (Fig. 1) .
Compound 1 is composed of a benzopyranone moiety, a phenyl moiety and a sulfate monoanion. The benzopyranone moiety is nearly planar and the mean deviation of the atoms from the least-squares plane is 0.053(3) Å. The methoxy group at C6 is nearly orthogonal to the benzopyranone moiety, as indicated by the torsion angle C12-O3-C6-C7ϭ 89.0(4)°. The methoxy group at C7 is slightly twisted out of the benzene ring with torsion angle C11-O2-C7-C8ϭ 5.0(5)°, whereas the methoxy group at C4Ј is nearly coplanar with the phenyl ring and the torsion angle C3Ј-C4Ј-O10-C7Ј is 0.7(4)°. The two rigid ring systems, the phenyl and the benzopyrone moieties, make a dihedral angle of 4.8(2)°. An intramolecular hydrogen bond between O4 and O5 (with distances of O4-O5, 2.628 Å; O4-H4a, 0.820 Å; H4a-O5, 1.904 Å, and angle of O4-H4a-O5, 146.5°), leads to formation of a six-membered ring. The S-O6 distance [1.659(2) Å], which corresponds well to a single bond, is significantly longer than S-O7, S-O8 and S-O9 [1.443(2), 1.442(2), 1.429(2) Å, respectively], which are consistent with some degree of double bond character. The similar S-O bond distances and O-S-O bond angles involving O7, O8 and O9 [115.0(1)°, 115.1(1)°, 113.7(1)°, respectively] indicate that the negative charge is delocalized over all three oxygen atoms.
The potassium cation is coordinated by eight oxygen atoms, i.e. O11 from the methanol ligand, O6a from the hydroxyl group at C3, O5 and O5a from the carbonyl group, and the other four oxygen atoms from the sulfate monoanion (O7, O7b, O8, O8a). The dative bond from methanol to K ϩ is slightly shorter (K-O11ϭ2.679(3) Å) and the distance between K ϩ and O6a is slightly longer (3.019(2) Å). The other distances are in the range of 2.843-2.906 Å. The K-O distances found in the complex K(1) · CH 3 OH are comparable with those of p-MeC 6 H 4 S(CH 2 )O 2 -K(18-crown-6), 10) in which K ϩ is coordinated by 18-crown-6 and sulfone, and slightly longer than those of [(Ph(Me)C:N:
ϩ is surrounded by ligands composed of an aza-allylic unit, tBuO Ϫ and THF.
11)
Two adjacent potassium nuclei (K and K0a) in the complex K(1) · CH 3 OH, separated by 4.128 Å, are bridged by O5, O7 and O8 to form a chain of face-sharing KO 8 coordination polyhedra along the (010) direction (Fig. 2) .
In the solid state, the aglycon (5-hydroxy-6,7,4Ј-trimethoxyflavone) units of 1 are extended, at the junctions of O5 and O6, on both sides of each coordination polyhedral chain to form a polymeric molecular column running in the (010) direction. Adjacent molecular columns, related by 1 -symmetry, are linked by p-p stacking between parallel, intercalating aglycon units at an interplanar separation of Such layers are further interconnected into a three-dimensional supramolecular assembly through interlayer C-H … O interactions (C7Ј-H … O3, 3.412 Å, xϪ1, y, z) 12, 13) (Fig. 3) . Compound 2 is the parent flavonoid of 1, and its molecular structure is similar to the aglycon unit. However, the major difference between 2 and 1 appears to be the orientation of the methoxy groups and the dihedral angle between the benzopyrone and the phenyl moieties. The corresponding torsion angles for the methoxy groups at C6, C7 and C4Ј are Ϫ98.7(2)°, 0.1(2)°and 4.5(2)°, respectively. The dihedral angle for 2 is 9.2(2)°which shows that 1 and 2 differ by a rotation of 4.4°of ring B around the C1Ј-C4Ј axis. An increase of the dihedral angle means a decrease in the degree of conjugation between the C2-C1Ј bond and the p electrons of the pyrone ring and the phenyl group (Fig. 4) .
Compound 3 is a flavanone with a single bond between C2 and C3, which disrupts the planarity and conjugation of the rings and produces a larger dihedral angle of 70.8°. The crystal structure of the monohydrate of 3 is shown in Fig. 5 .
It is well known that the introduction of substituents at the essentially single bond that connects the chromophores results in steric inhibition of their co-planarity. The degree of co-planarity decreases as the bulk of the substituents increases. The sulfate group of 1 is bigger than the hydroxyl group of 2, However, examination of the crystal structure of K(1) · CH 3 OH revealed two ways in which co-planarity could be increased, i.e. (a) the sulfate group is fixed by the potassium chain and bents away from the 2-phenyl moiety, and thus decrease of steric hindrance results in a smaller dihedral angle compared with 2; (b) flavones can be expected to be planar in any situation where there are forces that can stabilize the partial negative charge on the exocyclic carbonyl oxygen atom. 14) Besides the hydrogen-bonding interaction with the adjacent hydroxyl group, O5 is coordinated with the potassium ion, and thus the partial negative charge can be effectively stabilized.
Experimental
The aerial parts of Mikania micrantha were collected in Hong Kong in June, 2000 and botanically identified at the Department of Biology, The Chinese University of Hong Kong, where a voucher specimen (no. chan 2000-1) is kept.
Isolation and crystallization of compounds 1, 2 and 3 are shown in Chart 2.
The X-ray diffraction data were collected at room temperature on a Bruker Smart1000 CCD diffractometer with MoKa radiation (lϭ0.71073 Å). The crystal structure was resolved by direct methods using SHELXS-97 and refined by full-matrix least-squares on F 2 . Non-hydrogen atoms were refined with anisotropic temperature factors. Hydrogen atoms of the hydroxyl groups were located from a difference Fourier map while hydrogen atoms bonded to carbons were placed at their geometrically calculated positions, and included in the calculation of structure factors with isotropic temperature factors. A summary of crystallographic data and structure refinement parameters of compounds 1-3 are given in Table 1 . Final atomic coordinates of K(1) · CH 3 OH are listed in Table 2 . 
